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An increase of bronchial blood flow in pulmonary tuberculosis was estimated from the earpiece dye-dilution curve following dye injection into the femoral vein. Increased bronchial blood flow was found in 18 of 67 patients.
Sex, age and duration of the disease were not found correlated with the frequency of increased bronchial blood flow. The cases of small lesions did not show any increased bronchial blood flow, while the cases with large area of tuberculous lesions had increased flow frequently.
Tuberculous cavities were apparently associated with increased flow of the bronchial artery, but there was no correlation between increased flow of the bronchial artery and positive tubercle bacilli in the sputum. High frequency of increased flow was observed in far advanced cases, while cases of fibrotic or disseminated foci did not show any increased flow. The flow of the bronchial artery was not found increased in cases of marked or moderate improvement, but it was frequently increased in cases of persistence or aggravation of the disease. It is suggested that the development of the bronchial circulation is not associated with healing process of pulmonary tuberculosis, but related to progress of the disease.
It is well known that there is a marked development of the bronchial circula tion in the region of the tuberculous lesion of the lung. reported a simple method for detecting an increase in bronchial blood flow, which needs only an earpiece dye-curve after dye injection into a femoral vein. In the present study an attempt is made to detect increased bronchial blood flow by this simple method, and the significance of the development of the bron chial circulation is discussed in association with the clinical course of pulmonary tuberculosis.
MATERIALS AND METHODS
The study was made in 67 patients with pulmonary tuberculosis, 50 males and 17 females. In the supine position, two earpieces of the densitometer (Erma Dye-Densito -graph)12 were set on both ears and a 17 gauge needle was inserted into the femoral vein. After sufficient warming-up of the earpiece, Coomassie blue (30mg in 1.5ml) was rapidly injected into the femoral vein by flashing 5ml of saline.
At the same time dye-dilution curves were recorded by the densitometer connected to a Sanborn Twin-Viso Cardiette. This procedure was repeated about 5 minutes later, in order to assure reproducibility of the dye-curves.
Dye-curves were discarded if four dye-curves obtained by the above procedure were not sufficiently similar to one another in time component, dye-concent ration or contour. In order to assess an increased bronchial blood flow from the earpiece dye-curve, the previously reported method11 was used which will be mentioned briefly below. The dye -curve was replotted on semilogarithmic paper with linear scale for time and logarithmic scale for dye-concentration. Appearance of early circulated dye and a peak of recirculation dye-curve was determined by means of the downslope extrapolation of a semilogarithmic straight line. An index (tp'-ta')/(tp'-tp) was obtained as shown in Fig. 1 , where tp' was Cp is peak concentration of the first circulation dye-curve, Cr is the peak concentration of the recirculation curve, tp is the peak concentration time of the first circulation dye-curve, tp' is the peak time of the recirculation curve, and ta' is appearance time of the recirculation curve.
the peak time of recirculation dye-curve, ta' was appearance time of recirculated dye, and tp was peak time of the first circulation.
When the index was higher than 0.56, it was considered that bronchial blood flow was increased.11 The frequency of increased bronchial blood flow was examined in reference to sex, age, duration of disease, extent of disease on chest x-ray film, presence of tuberculous cavity, positive tubrculous bacilli in sputum, basic lesions of pulmonary tuberculosis, and the course of the disease.
Classification of the basic lesions of pulmonary tuberculosis was made according to the 'GAKKEN' classification of pulmonary tuberculosis,13 in which the lesions were divided into 6 groups based on chest x-ray films; exudative, caseoinfiltrative, fibro caseous, fibrotic, disseminated, and far advanced-mixed. The course of the disease was assessed by using the 'GAKKEN' standard13 for the evaluation of response to chemotherapy of pulmonary tuberculosis which was based on bacteriologic and x-ray findings.
RESULTS
An increase in bronchial blood flow was found in 18 (27%) of 67 cases studied. Sex and age of the patients were not significantly related to the frequency of increased bronchial circulation as seen in Tables 1 and 2 . Duration of the disease did not show a significant correlation to the frequency of increased bronchial flow except for the tendency toward high incidence in the group less than one year as shown in Table 3 .
In relation to the extent of the disease on the chest x-ray film, increased bronchial blood flow was not found in cases of small area of the lesion (Extent 1), while it was observed at a high frequency in cases of larger area of involvement, i.e., 32 per cent in Extent 2 and 29 per cent in Extent 3 as shown in Table 4 .
There was an interesting relation between tuberculous cavity and increase in bronchial blood flow. As shown in Table 5 , the increased flow was found at a higher frequency in cases with cavities on chest x-ray film than in cases without ones, i.e., it was found in 16 of 49 cases in the former (33%), while only 2 of 18 cases in the latter (11%) had increased bronchial blood flow. There was no definite tendency in the relation between increased bronchial flow and bacteriological findings on culture and smear in sputum for the last three months before the study, as shown in Table 6 . The relation between the basic lesion of pulmonary tuberculosis according to the 'GAKKEN' classification13 and increased bronchial flow is shown in Table 7 . The highest percentage of increased bronchial flow was found in far advanced-mixed cases. A smaller percentage was found in caseoinfiltrative and in fibrocaseous cases. All the fibrotic and disseminated cases did not show increased bronchial flow. An interesting relationship was obtained between the course of the disease and increased bronchial flow. As seen in Table 8 , there was no case of increased bronchial flow in markedly improved and moderately improved groups. Slightly improved and unchanged groups had increased bronchial flow in 8 (31%) of 26 cases and 7 (27%) of 26 cases studied, respectively. Aggravated group had the highest incidence of 50 per cent. 
DISCUSSION
Many reports1-7 have been published on the development of the bronchial vascular system in pulmonary tuberculosis from the morphologial viewpoint. They described that numerous dilated bronchial arteries were found in the region of tuberculous lung lesions, especially in the wall and adjacent area of tuberculous cavity.
The development of the bronchial arteries was associated with sparseness of the pulmonary vascular system which was usually accompanied by obstructive changes in its peripheral part. Some authors1,2 asserted that the most probable mechanism for the development of the bronchial circulation was the interruption of blood flow in the pulmonary arterial system, partly due to thromboembolism and also to endarteritis in the tuberculous lesions.
Yamashita6 stated that the development of the bronchial arteries was obviously less pronounced in demarcated caseous lesion than that in the wall of the cavities. He also pointed out that there was a definite difference in the development between the demarcated caseous lesion not associated with cavity and the caseous lesion with cavity containing inspissated exudate and appearing as a solid focus. The latter lesion showed apparently enormous development of the bronchial vascular system as compared with the former.
One of the most outstanding findings in this study is the high frequency of increased bronchial blood flow in cases with tuberculous cavities. This is in agreement with morphological studies previously reported.3-5 Delarue et al . 7 suggested that the development of the bronchial arteries, which was usually associated with numerous anastomoses between the bronchial and pulmonary arteries, would play an important role in liquefaction of a solid focus and subse quent extrusion of caseous material into the bronchial tree, resulting in cavity formation. Scott et al.14 showed in their experiment with the monkey that ligation of the pulmonary artery caused development of extensive caseous lesions, in contrast to scattered miliary lesions found in the opposite lung . The process of caseation was related to high oxygen tension in the blood reaching the ligated side of the lungs presumably due to bronchopulmonary anastomoses , and this was similar to the situation in which a systemic artery was anastomosed directly to the pulmonary artery.
Increased bronchial blood flow was rarely observed in the group with small lesions, while it occurred at a high frequency in the groups with moderately large or the largest areas of involvement. It would not be strange that the degree of the development of the bronchial vascular system is related to the extent of tuber culous lesion, if the development was simply associated with the disease process of tuberculosis. On the other hand, the extent of diseased area may be related to resistance to chemotherapy or incurability of the disease . Several factors may be responsible for the incurability manifested in gradual enlargement of the lesion over a long period. Renewed spread of the lesion would reduce further the curability of this disease. In this regard , it is highly interesting that the course of the disease was related to an increase of the bronchial blood flow , when evaluated 
